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ABSTRACT 
Human emotion recognition is a widely researched topic. Studying facial expression plays a 
major role in emotional perception, contributing to the creation of the paradigm for human- 
computer interaction (HCI) that can be applied in the fields of neurology, lying recognition, 
smart environments and paralinguistic communication. In this research project, three 
pretrained Convolutional Neural Networks were trained, tested and evaluated using 
MATLAB R2020a. Those networks are simple CNN net designed using 10 layers, AlexNet 
that consists of 25 layers and DenseNet-201 that consists of 708 layers. The dataset used to 
train and test the networks is an existing dataset called Bosphorus 3D Face Dataset. The 
model evaluated using K-Fold Validation and confusion matrix methods. The simple CNN 
net, AlexNet and DenseNet achieved an accuracy of 16.67%, 87.2% and 97.62% 
respectively. IO-Fold Validation test evaluated the DenseNet model with an accuracy of 
83.33%. Confusion matrix gave the same accuracy for all the three networks. The high 
accuracy of the DenseNet has set a great benchmark for the future works of human emotion 
recognition. DenseNet is a good pretrained network that can be used for classifications. 
ii 
ABSTRAK 
Pengiktirafan emosi manusia adalah topik yang banyak dikaji. Mengkaji ekspresi muka 
memainkan peranan utama dalam persepsi emosi, menyumbang kepada penciptaan 
paradigma untuk interaksi manusia-komputer (HCI) yang boleh digunakan dalam bidang 
neurologi, membohong pengiktirafan, persekitaran pintar dan komunikasi paralistik. Dalam 
projek penyelidikan ini, tiga Rangkaian neural Convolutional telah dilatih, diuji dan dinilai 
menggunakan MATLAB R2020a. Rangkaian terse but adalah mudah CNN direka 
menggunakan 10 lapisan, AlexNet yang terdiri daripada 25 lapisan dan DenseNet-201 yang 
terdiri daripada 708 lapisan. Dataset yang digunakan untuk melatih dan menguji rangkaian 
yang sedia ada Dataset dipanggil Bosphorus 3D Face Dataset. Model ini dinilai 
menggunakan pengesahan K-Fold dan kaedah Matrix yang kekeliruan. CNN yang mudah, 
AlexNet dan DenseNet mencapai ketepatan sebanyak 16.67%, 87.2% dan 97.62%. Ujian 
pengesahan IO-Fold menilai model DenseNet dengan ketepatan 83.33%. Matriks 
kekeliruan memberikan ketepatan yang sama untuk semua tiga rangkaian. Ketepatan tinggi 
DenseNet telah menetapkan satu penanda aras yang besar untuk kerja masa depan 
pengecaman emosi manusia. DenseNet adalah rangkaian yang baik preterlatih yang boleh 
digunakan untuk klasifikasi. 
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1.1 Overall project 
The six basic human emotions are fear, surprise, sadness, happiness, anger and 
disgust. Fear, anger, disgust and sadness can be categorized as negative emotions and 
people usually do not like them whereas happiness can be considered as a positive emotion 
and human being prefer that. Human emotions can be identified through their bodily 
postures and vocal expressions. However, the most clearly noticeable way is through their 
facial expressions. Facial expressions are important to non-verbal communication as they 
provide a variety of information, such as emotional state. In this research project, an 
algorithm is developed based on image processing, computer vision and pattern recognition 
techniques using MATLAB and C++. The algorithm identifies human emotion based on 
facial expressions. There are three objectives that must be achieved to make sure the 
hypothesis can be accepted. 
1.2 Background of Study 
The recognition of facial expressions plays a key role in identifying patterns and 
image processing. Facial expressions can be identified through three main stages which are 
face detection which is done by detecting the face in a photo, extraction of features such as 
nose and mouth. Lastly, classification of the emotions from still images or image sequences 
as shown in Figure 1.1 [l]. The output is the recognized human emotion. Figure 1 shows 
the simple block diagram of facial expression recognition algorithm. 
Pre processing 
'- Feature '- Classification , ? - 
'- extraction l ,. 
Image \l/ 
Output 
Figure 1.1: Block diagram of facial expressions recognition algorithm [l] 
Studying facial expression plays a major role in emotional perception, contributing 
to the creation of the paradigm for human-computer interaction (HCI) that can be applied in 
the fields of neurology, lying recognition, smart environments and paralinguistic 
communication [2]. 
Human emotion recognition usmg facial expression is a computer-based and an 
advanced technology that analyzes faces in images or videos using mathematical 
algorithms [3]. Facial expressions provide a way of conveying our emotional state and 
desires and are known across many cultures [ 4]. 
According to Darwin et al., We believed that primates had standard facial 
expressions of the common evolutionary source of emotions. Tomkins extended this study, 
postulating a link between facial muscular movements and experiencing impact for eight 
primary affect states. Ekman subsequently studied the visual identification of six of these 
primary affected states in literate and preliterate cultures and found that they were similar 
across cultures; in particular, all cultures studied well recognized fearful, angry and happy 
facial expressions [3]. 
In addition to the identification of the faces, the computer uses the position and 
form of prominent facial features, such as eyebrows and lips, to assess the person's facial 
expression and emotion. Facial expression identification can be used in many important 
applications such as driver safety, health care, video conferencing, virtual reality, and 
cognitive science etc [ 4]. A potential application is the tracking and psychological 
assessment of law enforcement. In addition, for digital cameras, these methods are used to 
\ 
automatically take pictures when a smile is identified. The most important application, 
however, is the humanization of AI systems. When the AI system can keep track of long- 
2 
term emotion processing and forecasting, it can inspire robots and enhance the human robot 
interaction [5]. Therefore, it can be concluded that emotion recognition plays a key role in 
enhancing human-robot interactions (HRI). 
1.3 Motivation of Project 
The motivation of the project is to help eliminate the problematic parts of the 
learning process by capturing the change of facial expressions of the students while 
studying a subject, to understand the learner's inner state of mind before beginning a class 
and to help the learners overcome potential stressful conditions of their studies. 
1.4 Research Objectives 
The primary purpose of this research is to develop an algorithm that able to identify 
human emotions based on facial expressions. This goal will be realized through the 
following research objectives: 
• To study the accuracy of the existing related works of human emotion recognition 
algorithms and overcome the limitations of the existing algorithms. 
• To design an algorithm that able to recognize the human emotions correctly and 
rapidly based on the facial expressions. 
• To evaluate the algorithm with the existing algorithm of human emotion recognition 
·1.5 Problem Statement 
The emotions are naturally hard to decipher. There is always a gap, for example, 
between what people tell they feel and what they really feel. What effect does the wrong 
interpretation of the human emotions cause to the society? Companies may lose their 
business as they cannot understand how their advertisements or promotions reach the public 
whether in a positive way or negative. Many industries use focus groups and surveys to 
figure out how people feel. However, the problem arises when people simply fill up the 
surveys. In this fast moving world, humans want to get everything done in a blink of eye so 
3 
there is high possibility where people do not take the surveys senous. Emotional 
Intelligence technologies can assist companies capture real-time emotional reactions by 
{ 
decoding facial expressions, analyzing voice patterns, monitoring eye movements, and 
measuring neurological immersion levels. "The end consequence is a much deeper perception 
of their clients and also of their staff using emotion recognition technology. 
How does carrying out the emotion recognition research could help in business and 
industries? Companies will understand how emotionally engaged employees actually are. 
Workers sometimes believe they are in the right position, but they may consider their 
expertise best matched elsewhere while starting new projects. The research improves the 
ability to create products that adapt to consumer emotions. Companies could use it as a 
improving tools to measure customer satisfaction. The employees may interact better with 
their customers. Knowing the emotions could transfonn the learning experience. For an 
example, enables teachers to plan lessons that encourage full participation, place key details 
at interaction peaks and transfer material to troughs 
The existing algorithm for emotion recognition could predict the human emotions 
but the limitations in the existing algorithm that has some issues of pose variations and 
illumination related to the nature of the data with high computational cost does not allow 
every industries and learning institutions to own it. The existing algorithm also commonly 
trained the 2D dataset. It will be hard to get the faces of the workers in 2D shape as the 
direct capture will be in 3D. The number of workers in a company or learners in an 
institution maybe large, therefore, it takes a lot of time and high level CPU to train the 
'population' of images instead of 'sample' of images using machine learning techniques as 
it goes through a process for each stage of the emotion recognition algorithm. The extracted 
features are sensitive to the change in illumination, occlusion, and noise. That means a 
slight change in illumination, occlusion, and noise may influence the recognition accuracy 
rate. 
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1.6 Chapter Outline 
In my project, there are 3 chapters that must be completed for final year project I and 2 
chapters for final year project 2 such as introduction, literature review, methodology, 
~ 
results and discussion and conclusions. All these chapters can be described as shown below. 
Chapter 1: Introduction 
In chapter 1, introduction describes about the overall project, motivation of project, 
problem statement, objectives of the research, scope and chapter outline. The problem 
statements describe the obstacles faced by the current analysis and provide justification on 
. . 
why this project must be updated into a new analysis method. The objectives explain about 
the projects goal. 
Chapter 2: Literature Review 
In chapter 2, literature review describes about the background of study related to human 
emotion recognition based on facial expression and databases of 3D faces. Literature 
review done on existing techniques and procedures, based on articles, journals, proceedings, 
and conferences papers. 
Chapter 3: Methodology 
In chapter 3, methodology explains about the procedures that used to create the algorithm 
using flow chart and gantt chart to observe the improvements of the project weekly. 
Chapter 4: Results & Discussion 
In chapter 2, results and discussion describes about the discussion of the outcome from the 
implementation conducted from research project. It is about the results of the dynamic 
\ 
analysis with the newly proposed technique 
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Chapter 5: Conclusion 
In chapter 3, conclusion explains about the summary , future recommendation and future 
works of the research project. The chapter concludes the whole technique developed and 
outlines for the future work. The possible future works marks the improvisation that can be 
made to the developed technique in the nearest time to come. This chapter also emphases 





In this section, the literature review of the related and similar existing work about 
human emotions recognition based on facial expressions will be discussed. The 2D and 3D 
face databases will be discussed. The similaries and differences of the databases will be 
compared. Basic facial expression recognition framework, face detection approaches, face 
feature extraction approaches and face classification approaches will be discussed. The 
comparison such as the descriptions, strengths and weaknesses between the approaches will 
also be discussed. The purpose is to analyze what other methods used in recognizing human 
emotions. This is so to get a better understanding on the process of identifying facial 
expressions and to realize the evolution of the emotion recognition in the existing algorithm 
compared to the proposed algorithm. 
2.2 Human Emotions arid Facial Expressions 
Martinez et al. stated that there are approximately 7000 different expressions that 
people often use in everyday life [6]. Throughout recent years, several research groups have 
tried to increase the amount of emotions and facial expressions considered. Some scientists 
have developed the theme of fundamental emotions. 
For example, Plutchik invented a new model named after the "wheel of emotions", 
where basic emotions can be shown at different level and can mix to form several emotions 
' as shown in Figure 2.1 [6], [7]. The eight basic emotions of Plutchik here called primary 
are happiness, confidence, fear, surprise, disappointment, anticipation, rage, and disgust [7]. 
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